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The purpose of t h i s paper was to do research i n two fi e l d s , 
or r a t h e r i n a combination of txio f i e l d s , namely, organic and 
p h y s i c a l chemistry. To t h i s end a s e r i e s of r e a c t i o n s was chosen 
t h a t could be studied w i t h r e l a t i v e ease. As i s to be expected 
numerous d i f f i c u l t i e s arose i n the course o f the work. 
Althoug;h a t o t a l of over a hundred hours was spent on the 
preparation of t h i s paper, i t was impossible to complete enough 
reseach to present r e a l l y d e f i n i t e conclusions, however, an 
attempt has been made to c o r r e l a t e the data so f a r a s c e r t a i n e d . 
So f a r as the v/riterHcnotYs, t h i s u e r t i o u l a r r e a c t i o n study 
i s o r i g i n a l . There i s no reference t ; subject i n the "Ab-
s t r a c t s " f o r the past f i f t e e n y e a r s , A G soeias t h a t something of 
t h i s s o r t i s of much more value than copying pages of information 
from, the i i t e x a t i u ' e as i s so often clone i n connection w i t h 
honors w/ork. 
The hypotheses i n t h i s pamer should be regarded merely as 
such since they are based only on the data on hand. They s i g j i i -
f y the trend of the experiments, f u r t h e r research only w i l l bear 
them out or she?; t h e i r inadequacy. An atwe;cpt has been made to 
c l a r i f y the various attendant phases of the subject so t,fLat the 
average reader w i l l have l e s s d i f f i c u l t y i n fol l o w i n g the trend 
of the v/orlc. 
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A Study of t h e Kj r d r o l y s i s of p - B r o r a o a c e t a i i i l i d e 
The r e e c t i o i ; c'losen f o r t h i s s t u dy i s a case o f si m p l e 
h y d r o l y s i s a c c o r a i - y ; t o refaimncLLs found i n o r g a n i c t e x t b o o k s . 
When n-lAOLKuau:-tanllide i s a i s s o l v e d i n a l c o h o i and r e f l u x e d 
w i t h s t r o n g p o t a s s i u m h y d r o x i d e s o l u t i o n t h e f o l l o w i n g r e a c t i o n 
t a k e s p l a c e : ^^cotn^ -^"^ 
Q. 
T h a t the above i s a case o f h v d r o l y s i s may be e a s i l y seen s i n c e 
¥/e have a s a l t r e a c t i n g v/ith an hvd r o x l d e t o produce another 
s a l t and a base. I f a a t e r s/ere s u b s u i t i i e d i n t h e above eoua-
t l o n f o r the ';"'Otacsium h y d r o x i d e ""as v/ould have: 
Q ^ HOrt — 0 * C « , c . o « 
However, o . a t o r d i n a i y tem-
p e r a t u r r no ..c ' " . „ in ̂  iutx n o t a s s l u m 
h;/droxici^^ roc^'- 1=' L ^ -u ro terapercature. • 
The o- o 1 Ccla-il3j„ r r 1 r nominating 
a c e t a n i l i d e c i i m ^ T O -ĥ > ; oca u i j 1 L o- -cry I x p e r -
i m e n t s " by Ada s ornso s i l ) . r-^di ^ t ^ -̂ s o u r i f i e d 
by crjmst 11* - > -loOx f . I n i n ' corapound 
¥/as founn no or u i c i "c I V . j , o a l e s and mono-
c l i n i c c r : s t a l ' . ^ r * - ) . 1 1 ' l i . a n xose two forms 
v a r i e d f r o i C- n an. _ l i ^ i " i cood a c c o r d 
w i t h d a t a i n n - .mmsiuire [>••)• 
The I C C J . -̂ a s f o l " ^: Cue 'T" T of p-bromo-
- a c e t a n i l - o ouu, ntp a 1 i i I t e r s of 
ethsLl a l e 101 u 1 xie mixt' m̂  ̂  00 co__9 1,0 o q u i l i b r i u m 
t e m p e r a t u r e . len iea s u r - +1t^^ of - kno-m c o n c e i i t r a t i o n 
of potac i u 1 '^o'ocide i s L 1 , i i * oted. A f t e r 
a d e f i n i u n i - i n t e r v a j en^ c - - oT s > ^ d r o c h l o r i c 
a c i d war , c t o '=̂ toi ^ j - rt-'om x. ix uion was t h e n 
e u i c k l p XXI '^{^( l t d '~ I r cu ^̂ -Tum irrenoo i o e of low con-
c e n t r c i t i o , x ) L ~ ro ude used f o r 
t i t r a t i o n 1 , ^ c • v _o xc c c i r i u,. l i n e d c o u l d 
be d e t e r n i n e o . ii-- lo - - i i L 01' i i r o c b i p T T c c i d n e u t r a -
l i z e d C O ( XX T , n i . Ok of p o t a s s i u m 
J i y d r o x i d c x.r i n i n C O L ' ' X " . ' low much pot-
a s s i u m h droxic"^^ r ^ n a i i ĉ ' t - _ _ I and from 
t h i s t he I ' l l D I o oi sr 1 1 ̂  <y c 1 eu ' i,e I . he iiuiter of 
rnoles of t - r w " -o p - c _s ecp.al t o t 1 ̂  niuiiber of 
moles o f xw •> f • n h1 ch i t r e r c t e d . T h i s i s 
shown b; L 3 L O I arm i i o n : - -
~tSf -
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or X moles of p-bromoccetanilide : 1 mole of p-bromoacetanilide 
:: X laoles of potassium hydroxide : 1 mole of potassium, hydroxide 
That t h i s i s true may be e a s i l y proved by using ,equivalent 
weights. 
Below i s given a p o r t i o n of one of the t a b l e s doteriained 
by these experiments. .• ... • 
Time ' ' • • Temperature c. c.HCl o.c. ICOH 
f o r back t i t . .72M KOH 
. IM HCl -
34min. 19.5 , 40 6.S5 a .08M KOH 
118 n i n . 19.5 40 7.62 ' 
225 min. 19.5 40 11.52 ... • 
The number of moles of KOK used was c a l c u l a t e d as f o l l o v / s : 
At 34 min. , 19.5 deg. 0. 
6.85 c.c. KOH X ()).08 = X x 0.1 ' : 
X = 5.46 c.c. HCl equivalent to 6.85 o.c. KOH ' 
40.00 — 5.46 = 34.54 c.c. HCl n e u t r a l i z e d 
34.54 X 0.1= X X 0.72 ' . m 
X = 4.79 c.c. KOH unused . ' ' -
5.00 c.c. — 4.79 c.c. = 0.21 c.c. KOII used 
.00072 mole KOH/ o.c. of s o l . x.0.21 = 1.512 x 1 0 - % i o l e KoE used. 
Therefore there was 1.512 x 10"- mole of p-bromoacetanilide 
reacted with. , , . - . 
I n t h i s way the f o l l o w i n g t a b l e s were c a l c u l a t e d : 
. V 19.50 0. • • , ; 
Time mole u-bromoacetanilide c a l c u l a t e d . 
X 105 • m , 
7 4.32 - ' 5.456 ' m' 
15.5 12.9 9.439 ^ •. 
34 ' • 15.12 16.25 ' m • 
99 36.7 • 3 , ' 33.9 • • 
118 • 39.45 ' 38.32 a 
225 • 52.5 59.8 : • 
290C. 
7 -2.88 • m . 3.43 
19 . IS.2 . , . 8.84 
34 . a y . ^ 20.88 - 13.14 
54 . : • , 84.47 20.25 
168 ' 47.5 m , ' 69.57 
294 : 106,5 • • \2 
• r 390c, / y _ • ^ 
4 7.9 5.39 
.16 , 8.64 • , 1 0 . 2 
27 ' 12.95 14.47 
53.5 ' 29.5 . ' - : 32.86 
145 ' - . ^ 68.4 _ 65.83 
252 - ' ' ' . ». 99.5 
The above i s f o r 0.72 M KOH 
The next t a b l e i s f o r 1.99M KOH. 
19 .50G 
6 2.5y ' , 21.62 
21.5 \ 27.7 •, • " - • 29.29 
30 ' , . 29.9 \ 31.81 
82 - • 37.6 • 40.41 
112 '. - 43.6 • 43.51 
237 ^ d- : . 60 • - , 52.06 
,.\ • 290G. • vd 
12 ' • '. ' ' 25.7 •3 .• . ^ 22.8 
25 : d • 27.7 - . 29.24 
41 • 31.0 ~ 34.58 
112 ' 49.8 48.63 
68 3 , 35.S • . 40.95 
230 71.0 • 62.05 
' • • 39.OG. 
6 ' 12 d 15.19 
11 • . 29.9 ' ~ • 22.1 
31 d - • : 45.5 - ' 42.02 
69 > • 1- • 61.4 , ' • 69.06 
117 . 93 . • 95.27 
The next t a b l e i s f o r 10.21 IL KOH 
• , - y / . y-_ I9.5OC. ; \
10 d T 20.4 • • • 16.83 
65 32.7 '* 
121 - ' . 40.8 ' 
243 . 163.4 
• / ̂  ^ 29OG. ^ , ' b ' 
10 ' . : m . • . 38.6 " • A • .. 
63 ab • 40.9 
160 A 51.3 > • . 
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How l e t us f o r n tirae consider the t h e o r e t i c a l aspects. 
I n a study of r e a c t i o n v e l o c i t i e s there are three general types 
to he considered: unir.iolQcular, himolecular, and polymolecular 
r e a c t i o n s , f r e q u e n t l y the himolecular r e a c t i o n s may be reduced 
to unimolecular r e a c t i o n s when a large excess of one of the 
molecules i s present. We s h a l l be concerned only w i t h the f i r s t 
two of these thypes. The mathematical exiGression f o r a unimolec-
u l a r r e a c t i o n i s —dC/dt = kG. That i s , the decrease i n the con-
c e n t r a t i o n of the r e a c t a n t i n u n i t time i s proportional to the 
concsn1ia.tion. (3) I f we i n t e g r a t e t h i s expression between time 
and concentration l i m i t s we get , \ 
k = w^ '"'^ I-
or s i n c e G^ i s zero at tp i s zero ( the araount reacted vr i t l i i s 
zero at the i n i t i a l s t a r t i n g time) v/e x(\a.j w r i t e 
h= 1 ^^^.^ Go ' • q • 
. - , G g-
V 
where CQ i s the concentration at zero time. T h i s equation may 
be i - r i t t e n • . ' ' •' 
^ -.--1 • i . ' ' • 
k - l o g e / - ^ ' • V G 
and t a k i n g the a n t i l o g of t h i s expression gives 
; - l 
The graph f o r t h i s equation i s a t3/pical e^qponential curve. There-
f o r e i f vie have a set of values and p l o t the log of one set 
a g a i n s t the n a t u r a l of our other v a r i a b l e and get a s t r a i g h t 
l i n e graph ( or very nearly a s t r a i g h t l i n e graph) then we w i l l 
have an exponential r e l a t i o n s h i p . The importance of t h i s w i l l 
be shown l a t e r . 
A biraolecular r e a c t i o n r a t e mav be exnrsssed by the mathe- ' 
mat l e a l expression — dC/dt = kCS. The decrease i n 'concontrat ion 
i n u n i t time t i s proportional to the square of tlie concentra-
t i o n . ( 4 ) I f a rdoles of one conponent and b moles of another 
r e a c t , then x mqles of each are changed i n time t and we get 
t h i s r e l a t i o n ' , , ' , • -
dx/dt = k ( a - x ) ( b - x ) ^ /• ' ^ • 
upon inte.''-Tation t h i s gives ^ 
1 b (a-x) ^ m .' 
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I f we now l e t (a-b) " G and b/a rCp vie get 
and talcing a n t i l o g s as before • w ' 
Again we have an exponential f u n c t i o n . Thus we see t h a t i f the 
serai-logarithmic graph of our t a b l e of values i s a s t r a i g h t l i n e 
our r e a c t i o n w i l l f i t one of the tvro equations uiven above. 
I f we graph the t a b l e s given above we obtain the graphs 
A to i l i n c l u s i v e . The red curve i n these graiahs i s the curve 
given by the experimental data. The blue curve i s nothing more \ 
than a curve* drawn by i n s p e c t i o n and represents what v;ould seem, 
i n most cases to be an average of the red curve. The black 
curve we s h a l l d i s c u s s l a t e r . I t w i l l be seen that these curves 
are p o s s i b l e oxiaonential curves. I n order to v e r i f y t h i s we 
p l o t the log the independent v a r i a b l e t against the depehtent 
v a r i a b l e the concentration and v i c e versa and see i f -78 get 
a s t r a i g h t l i n e . T h i s has been done on the graphs A l and B l , etc. 
I t w i l l be seen that these curves do not f o r the most'part 
represent a s t r a i g h t l i n e w i t h the p o s s i b l e exception>of the 
one on rEL. Except f o r the graph on A l these v l u s e are given 
b;,'- the black curves. I n A l theer are represented by the red and 
blue curves. 
T h i s i r r e g u l a r i t ; / " was noted and the attempt was made to 
f i ' t a curve of the power la-w to the set of values. T h i s r e s u l t e d 
i n a s e r i e s of curves represented by the black curves on the 
graphs A to H i n c l u s i v e . Tine has been represented i n each case 
on the v - ^ r t i c a l s c a l e . I n the rxonehn E l to bll i n c l u s i v e the 
red c-arve represents the log of the concentration v s . the log 
of the time. The bliie l i n e s i n conjunction w i t h the red l i n e s 
show an average s t r a i g h t l i n e so t h a t comparison can be made. 
S i m i l a r blue l i n e s i n conjunction w i t h the black curves serve 
a s i m i l a r purpose. The pur-ole l i n e i n A l represents the blue 
l i n e i n the other grauhs. I t v-±ll he seen t h a t the black curves 
on the graphs A to 1 agree f a i r l y c l o s e l y -.'.dth the red and blue 
curves alread;/ explained. . 
Therefore we are forced to conclude that t h i s r e a c t i o n does 
not f o l l o w e i t h e r the unimolecular nor the bimolecular r e a c t i o n 
r a t e at low tem;;)ej?atures and concentrations. I n order to express 
t h i s r e a c t i o n approxiraately the experimental values were f i t t e d 
to the most probable equation of the power law as mentioned 
above. T h i s '•vas done by the method of the l e a s t squares and M i l l 
he given i n d e t a i l f o r a p a r t i c u l a r example. 
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Tno popror lav/ i e n:yoAos's.irc.eo. hp ah.. ...p.... - lo}: 7 = hx". 
i f we take the l o a a r i t a a . of both sides of phis aipuatlon 'se 
set 
l e = : - ' i I n — : • P 
T h i s i s tjie ^ 1 i 7 l l i e the type 
J - h J. 111^ : • • 
Therefore, '1 t valuies i n t a b l e 
one f o r 19. o e . ' ' on o 9 ) . 72 M a/e w i l l 
be able to i t ' " elon. Since these 
logs do not is- . i s e i t h e r an 
eraser '' < _ , r ooraplicated lav;. 
I t does ..a 1, 1 c " e > e are onlj seeking 
an approxs o 3 . '-fore i le s3:'ror i n each 
case is given by • 
E-= log k / nlog X — log y • , a • P' 
I f we l e t log k be K and log x be Z and log y be Y we have 
.y = w / Tipr _ Y 
Since tlie smn oh tne e r r o r s i s to be Piiniinlsed ( b e t t e r the 
suBiWof the souares of tlie e r r o r s ) vie proceed as f o l l o w s : 
. ( . 'Let S be the sum of the square of the e r r o r s thus 
S = (K/ .845n — .635)2 / (K / 1.1911 — 1.11)2 / (K / 1.532 
• - 1 . 7 9 6 ) 2 / ... p- , - > _̂  r, ^ .g.^ 
Then ' ^ 
2( k/.64511 — .356) / 2 ( E 6,1.19n — l . D e t c . ' 
1̂ = 2 X.845 (,K / .345n — . 656) / 2 x 1.19 ( K / 1.19n — 1.11 
e t c / 
liquating these to zero, adding and c o l l e c t i n g t e r n s g i v e s ' •. , 
5k / 7 — 7 .3077 = 0 
9.987L / 1 .P/b: — 14.144 = 0 
Solving sinultaneouo].; • : 0 '- \ ' 
n = .59 and n_ = .1538 or log k = .1538 * / , ' '; 
Then k i s 1.4S5 - 3 our eqvn pion becomes ' , -' ̂  • 
Moles of p-brorioacetanilide = M ' . 3 • ' ' • • • . ' 
M = 1.425 X 10-5 -.0.69 19 .50 G. 
Temp, i s r i v e n as a su b s c r i p t of M. i n the follo?;ing equations:' • ' 
% 9 . 5 - 1.425-x 10-5 .{-0.69 , : 
Mgg z 0.5437 X 10-5 tO.947 por 0.72 M KOH ' ' •. 
M59 =1.492 X 10-5 ^ 0.76 ~ :d ' 
For 1.99 M KOH 
Mpg = 9.818 X lO'^ t^^ShS 
59 
= 5.001 X 10-8 tO.eg 
The c a l c u l a t e d values given i n the "tables on pages three 
and four were c a l c u l a t e d from these formulae. The black curve 
on the graphs A to F represent the same formulae. They appear 
i n most cases to give a f a i r approximation. With the data 
a v a i l a b l e i t i s imuossible to r e l a t e the time or raoles of 
p-bronoacetanilide w i t h the concentration of the potassium 
hydroxide used. 
I t i s p o s s i b l e that an i o n i c r e a c t i o n takes place i n 
these low concentration roaotions v/hich i n t e r f e r e s w i t h the 
-molecular r e a c t i o n or so modifies i t so t h a t i t does not 
obey the bimolecular r e a c t i o n v e l o c i t y formula. I t may be 
p o s s i b l e a l s o that the high concentration of hydroxyl ions -
has a repressant e f f e c t on the molecular r e a c t i o n . 
I t i s unfortunate t h a t there was i n s u f f i c i e n t time to 
complete t h i s h i g h l y i n t e r e s t i n g study. I t would take, hov/eve 
i n a l l p r o b a b i l i t y , s e v e r a l months of f u l l tiEie work to 
study the r e a c t i o n thoroughly. There are many more concentra-
t i o n s and temperatures at which t h e ' r e a c t i o n could be studied 
The concentration of the a l c o h o l , v/ater, potassium hydroxide, 
and•the time v a r i a b l e s t h a t could a l l be v a r i e d at w i l l to 
give a p r a c t i c a l l y i n f i n i t e number of r e s u l t s . 
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